Egr-1 upregulates the Alzheimer's disease presenilin-2 gene in neuronal cells.
Regulation of the Alzheimer's disease (AD)-related gene, presenilin-2 (PSEN2), was analyzed in neuronal (SK-N-SH) and non-neuronal (human embryonic kidney 293, HEK293) cells. We show that the PSEN2 regulatory region includes two separate promoter elements, each located upstream of multiple transcription start sites in the first and second exons. The stronger upstream promoter, P1, has housekeeping characteristics: it resides in a CpG island, is TATA-less, and up to 83% of PSEN2-P1 activity depends on a stimulating protein 1 (Sp1) site at the most 5' initiation site. However, the downstream promoter P2 includes neuronal-specific elements and two sites for early growth response gene-1 (Egr-1), a transcription factor upregulated in learning paradigms and implicated in neuronal plasticity, in response to injury. We show that Egr-1 binds to PSEN-P2, and that PSEN-P2 activity is increased threefold by overexpression of Egr-1, and by 12-O-tetradecanoylphorbol-13-acetate (TPA), which induces physiological Egr-1 levels. Egr-1 represses PSEN2-P1 activity by 50% in neuronal cells, suggesting it partially shifts promoter usage from PSEN2-P1 to PSEN2-P2. This could lead to a relative increase in shorter exon 2 transcripts, which may be more efficiently translated than exon 1 transcripts. Identification of PSEN2 as an Egr-1 target suggests a link between PSEN2 expression and Egr-1-related processes, which may impact on understanding PSEN-2's physiological function and its role in Alzheimer's disease.